Introduction
The most significant problems in sweet cherry growing are excessive vegetative growth and late fruit set. Semidwarfing and dwarfing rootstocks present less vigor and earlier cropping compared to those grafted on seedlings rootstocks. CAB-6P (Prunus cerasus L.) is a widely used rootstock for cherry plants. All cherry varieties grafted on this rootstock present less vigor (-30%), earlier cropping, better fruit quality and color, and higher yield efficiency in comparison to those grafted on seedlings rootstocks. Gisela 6 (Prunus cerasus × Prunus canescens) is less demanding than Gisela 5 and tolerates soils of poorer quality and less water supply. The vigor of this clone is between that of Gisela 5 and Prunus avium L. (DimassiTheriou and Therios, 2006) .
Ethylene inhibitors are added to plant media for enhancing shoot regeneration and preventing the negative effects of the ethylene hormone Park et al., 2012) . In some species, AgNO 3 improved callus proliferation (Fei et al., 2000) and promoted root formation (Khalafalla and Hattori, 2000) . In other species, AgNO 3 inhibited shoot regeneration (Bandyopadhyay et al., 1999) . These results indicate that the promotive function of silver nitrate on shoot regeneration is species-specific. Silver ions in the form of nitrate, such as AgNO 3 , play a major role in influencing somatic embryogenesis, shoot formation, and efficient root formation, which are the prerequisites for successful genetic transformation (Bais et al., 1999 (Bais et al., , 2000a (Bais et al., , 2000b (Bais et al., , 2001a (Bais et al., , 2001b (Bais et al., , 2001c . Addition of AgNO 3 to culture media greatly improved the regeneration of both dicot and monocot plant tissue cultures (Giridhar et al., 2003) .
Cobalt is an essential element for the synthesis of vitamin B12, which is required for human and animal nutrition (Smith, 1991) . Cobalt is also required for maintaining groundnut (Basu et al., 2006) and squash (Atta Aly, 1998) plant growth with low levels of its supply. The low level of cobalt ion promotes growth factors such as plant height and number of leaves per plant, as well as fresh and dry weight of leaves and roots (Hilmy and Gad, 2002) . Cobalt increases the growth of seedlings and alleviates the senescence of aged tissues as it inhibits the activities of ACC oxidase and reduces ethylene production (Li et al., 2005) . The promotive effect of cobalt can be ascribed to its role in several physiological activities like growth, photosynthesis, and respiration (El-Sheekh et al., 2003; Aziz Eman, 2007) .
Therefore, the objectives of this research were to study the effects of three ethylene inhibitors, AgNO 3 , Ag 2 SO 4 , and CoCl 2 , and their potential in the production of multiple shoots, formation of adventitious roots, and total chlorophyll, carbohydrate, and proline content in leaves.
Materials and methods

Plant material and culture conditions
The experimental materials were shoot tip explants from previous in vitro cultures of the cherry rootstocks CAB-6P (P. cerasus L.) and Gisela 6 (P. cerasus × P. canescens) established in vitro the previous year and maintained by subculturing every 30 days. The experiment included the effect of three ethylene inhibitors, AgNO 3 , Ag 2 SO 4 , and CoCl 2 , each at the same 6 increasing concentrations (0, 10, 20, 30, 40 , and 50 µM) in order to break apical dominance and increase production of multiple shoots as well as the formation of adventitious roots in vitro. The nutrient medium used was Murashige and Skoog (MS) (Murashige and Skoog, 1962) supplemented with all the essential macronutrients and micronutrients, vitamins, and amino acids. The culture medium was supplemented with 30 g L -1 sucrose and 6 g L -1 agar (Bacto-agar). The pH of the medium was adjusted to 5.8 before adding agar and autoclaving at 121 °C for 20 min. Apical explants with a node and two leaves, 1.5 to 2.5 cm in length, were excised from the 30-day-old plantlets originated by subculturing and transferred into flat-based test tubes (25 × 100 mm) containing 10 mL of MS culture medium supplemented with the three ethylene inhibitors, as previously mentioned, and it was free of other plant growth regulators or hormones such as cytokinins and/or auxins. All cultures were maintained in a growth chamber. The chamber was programmed to maintain 16 h of light duration (150 µmol m -2 s -1 ) supplied by cool white fluorescent lamps and a constant temperature of 22 ± 1 °C.
The duration of the experiment was 12 weeks; it consisted of 6 treatments for each ethylene inhibitor and each treatment included 25 replications (tubes). The number of replications was 10 the first and second time that the experiment was conducted and 5 the third time, giving a total of 25 replications per treatment. The experiment was repeated three times and the reported data are mean values. After 12 weeks of culture, data were recorded regarding shoot number per explant, shoot length (mm), shoot fresh weight (g), shoot multiplication percentage % (i.e. number of explants with production of multiple shoots / total number of explants × 100%), root number per rooted explant, root length (mm), root fresh weight (g), and rooting percentage % (number of explants with root formation / total number of explants × 100%), followed by the evaluation of three biochemical parameters, i.e. total chlorophyll, carbohydrate, and proline content in leaves.
Biochemical analyses
After taking measurements regarding shoot growth and rooting characteristics of CAB-6P and Gisela 6 cherry rootstock explants, leaves and roots from all explants were cut by hand, separated, and placed into the refrigerator for further biochemical analyses, which were initiated the following day. Biochemical parameters such as total chlorophyll (a + b), carbohydrate, and proline content in leaves were evaluated using the frozen plant material as samples. For chlorophyll, carbohydrate, and proline determination of the M × M 14 leaves subjected to ethylene inhibitor (AgNO 3 , Ag 2 SO 4 , or CoCl 2 ) treatments, 3 days of incubation analyses were performed, one day for each biochemical parameter.
Chlorophyll determination
For chlorophyll measurement, 0.1 g of frozen leaf material was placed in a glass test tubes of 25 mL in volume. Fifteen milliliters of 96% ethanol was added to each tube, which was covered with aluminum foil to reduce ethanol evaporation. The tubes were incubated in a water bath at 79.8 °C until complete sample discoloration and chlorophyll extraction. After chlorophyll extraction, the samples (tubes) were left at room temperature for cooling and the level of 96% ethanol was completed to be 15 mL in volume. The absorbance of chlorophylls a and b was measured at 665 and 649 nm, respectively, in a visible spectrophotometer. The decolorized leaf sample was dried for 24 h at 68 °C and its dry weight (DW) was measured. Chlorophyll concentration was determined according to Wintermans and De Mots (1965) 
Proline determination
Leaf or root frozen tissue (0.1 g) was chopped into small pieces and placed in glass test tubes of 25 mL. In each tube, 10 mL of 80% (v/v) ethanol was added and placed in a water bath of 60 °C for 30 min (Khan et al., 2000) . The tubes were covered with aluminum foil to reduce evaporation. The extracts were filtered and 80% (v/v) ethanol was added until the total volume (ethanol extract) was 15 mL. After extraction, the aluminum foil was removed and the tubes were allowed to cool at room temperature. In each tube, 4 mL of toluene was added and mixed well with a vortex. Two layers were visible in each tube. The supernatant (toluene layer) was removed with a Pasteur pipette and was placed in a glass cuvette. The optical density of the extract was measured at 518 nm. The extract was filtered with Whatman No. 1 filter paper and free proline was measured (Troll and Lindsley, 1955) with acid ninhydrin solution. Proline concentrations were calculated from a standard curve by using L-proline (Sigma Chemical Company) at 0-0.2 mM concentrations.
Carbohydrate determination
Carbohydrate determination of plant tissue was conducted by using the anthrone method (Plummer, 1987) . For reagent preparation, 1 g of anthrone was diluted in 500 mL of concentrated sulfuric acid (96%). The extract (plant ethanolic extract) for carbohydrate determination was the one that was used for proline, with the only difference that it was diluted 10 times with 80% (v/v) ethanol. In each test tube, 2 mL of anthrone reagent was added and the tube was maintained in an ice bath. Subsequently, the diluted extract (10% of the initial) was added dropwise in contact with the test tube walls, in order to avoid blackening of the samples. After shaking the tubes with a vortex, the samples were incubated in a water bath at 95 °C for 15 min. Afterwards the tubes were placed in a cold water bath for cooling and optical density at 625 nm was measured. Carbohydrate concentrations were calculated from a standard curve by using 0-0.2 mM sucrose concentrations.
Statistical analysis
The experiment was completely randomized and analyzed by analysis of variance (ANOVA) using the statistical program SPSS 17.0 (SPSS Inc., Chicago, IL, USA). To compare the means, Duncan's multiple range test was used at P ≤ 0.05 to establish significant differences among the treatments. The experiment was a 3 × 6 × 2 factorial design with three ethylene inhibitor types (AgNO 3 , Ag 2 SO 4 , and CoCl 2 ), six concentrations for each ethylene inhibitor, and two cherry rootstocks (CAB-6P and Gisela 6). The main effects of factors (ethylene inhibitor type, ethylene inhibitor concentration, rootstock,) as well as their interactions, were determined by using the general linear model (3-way ANOVA).
Results
Effect of AgNO 3 on in vitro shoot proliferation and rooting in CAB-6P rootstock
Regarding shoot proliferation of CAB-6P microcuttings, compared to the control (Figure 1a) , AgNO 3 at 20 µM significantly increased shoot number per explant (1.28) ( Table 1 ; Figure 1b ). The elongation of the shoots reached its maximum value (22.45 mm) with the highest AgNO 3 concentration of 50 µM ( Figure 1c ). On the other hand, 40 µM AgNO 3 resulted in a significant decrement of shoot length. AgNO 3 , irrespective of concentration, led to a significant decrease in shoot fresh weight. In the control treatment and in the lowest applied AgNO 3 concentration (10 µM), no shoot proliferation was observed. The shoot multiplication percentage was maximum (27.78%) by adding 20 µM AgNO 3 to the medium. Regarding in vitro rooting of CAB-6P shoot tips, AgNO 3 at 10 or 30 µM completely inhibited rooting (Table 1 ). The rooting percentage was maximum (32%) in the control treatment. Root fresh weight was significantly increased by adding 40 and 50 µM AgNO 3 to the medium. AgNO 3 at 20 or 40 µM had a positive effect on root number per rooted explant, whereas 20 or 50 µM AgNO 3 considerably increased root length. However, 40 µM AgNO 3 gave the maximum root number per rooted explant (4.5) and root fresh weight (0.070 g), which were 2 and 1.4 times greater, respectively, than that of the control. Root length reached its maximum value (120 mm) with 50 µM AgNO 3 ( Figure 1d ) and it was 1.6 times greater in comparison to the control.
Effect of Ag 2 SO 4 on in vitro shoot proliferation and rooting in CAB-6P rootstock
Regarding shoot proliferation of CAB-6P microcuttings, Ag 2 SO 4 did not significantly influence the number of shoots per explant (Table 1) . Shoot length and shoot fresh weight were maximum in the control treatment, where no shoot proliferation was observed. The shoot multiplication percentage reached its maximum value (23.53%) when 10 µM Ag 2 SO 4 was incorporated into the medium (Figure 1e ).
Regarding in vitro rooting of CAB-6P shoot tips, Ag 2 SO 4 at 10, 20, or 50 µM caused complete inhibition of rooting. On the other hand, 30 or 40 µM Ag 2 SO 4 significantly decreased the explant's rhizogenic capacity. Root number was substantially reduced with 40 µM Ag 2 SO 4 , whereas 30 µM Ag 2 SO 4 led to a considerable decrement of root length and root fresh weight (Figures 1f and 1g ).
Effect of CoCl 2 on in vitro shoot proliferation and rooting in CAB-6P rootstock
Regarding shoot proliferation of CAB-6P microcuttings, CoCl 2 , irrespective of concentration, did not have as a result the production of new shoots. The best results regarding the length and fresh weight of the initial shoot tip were recorded in the control treatment.
Regarding in vitro rooting of CAB-6P shoot tips, CoCl 2 at 10 µM significantly increased root number to its maximum value (3.4), whereas higher concentrations (20-50 µM) had a negative effect (Figures 1h and 1i ). Although 10 µM CoCl 2 resulted in the minimum root length (28.92), which was 2.5 times less than that of the control, 20 µM CoCl 2 increased root length to its maximum (88.33 mm), differing significantly from the control. Except for 20 µM CoCl 2 , the remaining treatments negatively influenced root fresh weight. 
Effect of AgNO 3 on in vitro shoot proliferation and rooting in Gisela 6 rootstock
Regarding shoot proliferation of Gisela 6 microcuttings, in comparison to the control (Figure 2a) , AgNO 3 at 30-50 µM significantly increased the number of shoots per explant (Table 1) . However, the shoot number per explant was maximum (1.85) with 30 µM AgNO 3 ( Figure  2b ) . Except for 20 µM AgNO 3, the remaining treatments resulted in a significant decrease of shoot elongation. On the other hand, 20 µM AgNO 3 reduced by half shoot fresh weight. No shoot proliferation was observed in the control treatment. The shoot multiplication percentage reached its maximum value (53.85%) with addition of 30 or 40 µM AgNO 3 to the medium. Regarding in vitro rooting of Gisela 6 shoot tips, AgNO 3 at 10, 30, or 50 µM caused complete inhibition of rooting (Table 1 ). In the remaining treatments ( Figure  2c ), best rooting results regarding root number (1.75), root length (40.94 mm), root fresh weight (0.073 g), and rooting percentage (26.67%) were recorded in the control microcuttings. 3.5. Effect of Ag 2 SO 4 on in vitro shoot proliferation and rooting in Gisela 6 rootstock Regarding shoot proliferation of Gisela 6 microcuttings, Ag 2 SO 4 led to multiple shoot production, whereas no such effect was observed in the control treatment (Table 1) . Ag 2 SO 4 had a positive effect on shoot number and shoot multiplication percentage, a negative one regarding shoot elongation, and absolutely no effect concerning shoot fresh weight. The best results in terms of shoot number per explant (1.94) and shoot multiplication percentage (77.78%) were obtained with 40 µM Ag 2 SO 4 ( Figure  2d ). On the other hand, the control treatment gave the maximum shoot length.
Regarding in vitro rooting of Gisela 6 shoot tips, Ag 2 SO 4 at the lowest (10 µM) and the highest (50 µM) concentrations completely inhibited rooting (Table 1) . The control treatment gave better results in terms of root number (1.75), root fresh weight (0.073 g), and rooting percentage (26.67%). On the other hand, 20 or 40 µM Ag 2 SO 4 resulted in a significant increase of the root length (Figure 2e ), which was maximum (110 mm) and 2.7 times greater compared to the control with 20 µM Ag 2 SO 4 . 3.6. Effect of CoCl 2 on in vitro shoot proliferation and rooting in Gisela 6 rootstock Regarding shoot proliferation of Gisela 6 microcuttings, CoCl 2 led to multiple shoot production, whereas no such effect was observed in the control treatment (Table 1) . The multiplication rate was highest (50%) with 30 CoCl 2 . Shoot number reached its maximum value (1.67) when 40 µM CoCl 2 was incorporated into the culture medium (Figure 2f ). The addition of CoCl 2 did not influence shoot length significantly.
Regarding in vitro rooting of Gisela 6 shoot tips, CoCl 2 at its highest applied concentration (50 µM) caused complete inhibition of rooting (Table 1) . CoCl 2 at 10 or Ethylene inhibitor type (A) 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** Ethylene inhibitor conc. (B) 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** Rootstock (C) 0.000 *** 0.001 ** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** (A) × (B) 0.041 * 0.012 * 0.160 ns 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** (A) × (C) 0.357 ns 0.002 ** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** (B) × (C) 0.000 *** 0.010 ** 0.028 * 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** (A) × (B) × (C) 0.000 *** 0.493 ns 0.002 ** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** Treatments denoted by the same letter in each column for each ethylene inhibitor and cherry rootstock are not significantly different according to Duncan's multiple range test at P ≤ 0.05; ns -nonsignificant difference at P ≥ 0.05; * -significant effects at P ( 0.05; ** -significant effects at P ( 0.01; *** -significant effects at P ( 0.001. decreased total leaf chlorophyll content. Although 30 or 50 µM CoCl 2 led to depleted levels of leaf carbohydrates, 10 or 20 µM resulted in a considerable increment in leaf proline content, which was 3 and 6.5 times greater in comparison to the control. 3.8. Effect of AgNO 3 , Ag 2 SO 4 , and CoCl 2 on biochemical parameters in Gisela 6 cherry rootstock AgNO 3 resulted in depleted levels of total leaf chlorophyll (on a FW basis), whereas the lowest applied concentration of 10 µM led to an increase (on a DW basis), differing significantly from the control (Table 2) . Leaf carbohydrate and proline content was substantially diminished due to AgNO 3 application. Ag 2 SO 4 significantly decreased total leaf chlorophyll content (on a FW basis), whereas only 10 µM Ag 2 SO 4 negatively affected the content of chlorophyll in leaves (on a DW basis). Ag 2 SO 4 , irrespective of concentration, resulted in depleted levels of leaf carbohydrates and proline. CoCl 2 at 10 or 20 µM exhibited elevated levels of total leaf chlorophyll, whereas higher CoCl 2 concentrations (30-50 µM) had no effect. CoCl 2 , irrespective of concentration, significantly increased leaf carbohydrate content by 1.5-2 times. CoCl 2 , but only at its highest concentration of 50 µM, led to elevated levels of leaf proline, which were 3.4 times greater compared to the control.
Discussion
No production of multiple shoots but only formation of adventitious roots occurred in both cherry rootstocks in the absence of the three ethylene inhibitors from the culture medium. The absence of regeneration from shoot tips cultured in AgNO 3 -, Ag 2 SO 4 -, and CoCl 2 -free medium can be ascribed to the stress caused to the explants following their excision, leading to an overproduction and accumulation of ethylene, which in turn inhibited explant regeneration. Ethylene was found to inhibit adventitious root formation in pea cuttings (Nordstrom and Eliasson, 1991) and Prunus avium shoot cultures (Biondi et al., 1990) . There were significant differences between the two cherry rootstocks and among the three ethylene inhibitors regarding their plant regeneration efficiency. These variations are ascribed to the different genotypes and to the different types of ethylene inhibitor. AgNO 3 and Ag 2 SO 4 promoted shoot regeneration from shoot tip culture in both cherry rootstocks in terms of shoot number/explant and shoot multiplication percentage. The addition of AgNO 3 or Ag 2 SO 4 to the culture medium enhanced shoot regeneration of both cherry rootstocks.
In a similar way, AgNO 3 enhanced shoot regeneration of white marigold (Misra and Datta, 2001) , cassava (Zang et al., 2001) , Vanilla planifolia (Giridhar et al., 2001) , Capsicum spp. (Kumar et al., 2003a) , Coffea canephora (Kumar et al., 2003b) , pomegranate (Punica granatum L.) (Naik and Chand, 2003) , Morinda reticulata Gamble (Nair et al., 2012) , perennial alfalfa (Medicago sativa) (Li et al., 2009 ) and Virginia-type peanut plants (Ozudogru et al., 2005) . Some authors proved that AgNO 3 significantly increased the percentage of explants producing multiple shoots in different pepper varieties (Qin C et al. 2005) and Swainsona salsula Taubert plants (Chen et al., 2011) .
According to Mhatre et al. (1998) , CoCl 2 induced multiple shoots in melon and cucumber. In our study, CoCl 2 , on the other hand, led to the production of multiple shoots in a limited degree in the Gisela 6 cherry rootstock, while it had no effect on CAB-6P and this response was genotype-dependent. In Echinacea angustifolia, 1 mg L -1 CoCl 2 promoted shoot regeneration, whereas higher CoCl 2 concentrations (5-20 mg L -1 ) decreased shoot multiplication percentage, number of shoots per explant, and shoot length . In Capsicum frutescens Mill., exogenous administration of 30 µM CoCl 2 resulted in the maximum tissue response in terms of shoot length and number of shoots after 45 days of culturing on MS medium (Sharma et al., 2008) . In tomato, on the other hand, CoCl 2 resulted in a significant decrease of shoot fresh and dry weight (Hasan et al., 2011 Ethylene inhibitor type (A) 0.000 *** 0.000 *** 0.000 *** 0.008 ** Ethylene inhibitor conc. (B) 0.000 *** 0.000 *** 0.000 *** 0.000 *** Rootstock (C) 0.000 *** 0.001 ** 0.000 *** 0.000 *** (A) × (B) 0.000 *** 0.000 *** 0.000 *** 0.000 *** (A) × (C) 0.000 *** 0.013* 0.000 *** 0.854 ns (B) × (C) 0.000 *** 0.000 *** 0.000 *** 0.000 *** (A) × (B) × (C) 0.001 ** 0.000 *** 0.000 *** 0.000 *** Treatments denoted by the same letter in each column for each ethylene inhibitor and cherry rootstock are not significantly different according to Duncan's multiple range test at P ≤ 0.05; ns -nonsignificant difference at P ≥ 0.05; * -significant effects at P ( 0.05; ** -significant effects at P ( 0.01; *** -significant effects at P ( 0.001. in the growth of shoot fresh and dry weight is a direct outcome of inhibition of cell division or cell elongation, or a combination of both under Co stress (Jayakumar et al., 2007) . Earlier reports also favor this finding that Co toxicity generates marked reduction in growth attributes in radish (Jayakumar et al., 2007) . More specifically, 20 µM AgNO 3 in CAB-6P and 30 µM AgNO 3 in Gisela 6 rootstock proved to be optimal for shoot multiplication. Furthermore, CAB-6P and Gisela 6 explants respectively treated with 10 or 40 µM Ag 2 SO 4 gave better shoot regeneration results. The positive effect of AgNO 3 on shoot regeneration has already been reported for a number of plants including cotton (Abdellatef and Khalafalla, 2008) and sesame (Abdellatef et al., 2010) . According to ) had a negative effect (Patil et al., 2011) . In the Gisela 6 cherry rootstock in our study, 30 or 40 µM CoCl 2 gave better results regarding shoot multiplication percentage and shoot number/ explant. Similarly, in cucumber, 30 µM CoCl 2 increased shoot number and shoot multiplication percentage to the maximum (Vasudevan et al., 2006) . Ethylene inhibitors such as AgNO 3 and CoCl 2 have been shown to be effective for shoot regeneration by inhibiting ethylene production in cucumber (Mhatre et al., 1998) and muskmelon (Yadav et al., 1996) .
Shoot length, shoot and root fresh weight, and rooting percentage in both cherry rootstocks were significantly diminished due to the application of the three ethylene inhibitors. A possible explanation for this decrement is the volume decrease of the already existing cells and/or the reduced cell extension of the new cells produced by cell division. Our results agree with those presented for chickpea, Cicer arietinum cv. T-3, where CoCl 2 negatively affected root and shoot length as well as root and shoot fresh weight (Khan and Khan, 2010) . Moreover, in green gram (Vigna radiata L. Wilczek), 50 mg kg -1 Co significantly increased shoot and root length and did not influence shoot and root dry weight, whereas higher Co concentrations resulted in a considerable decrease of shoot and root length as well as shoot and root dry weight (Abdul Jaleel et al., 2009) . Co at high levels may inhibit root and shoot growth directly by inhibition of cell division or cell elongation or a combination of both, resulting in the limited exploration of the culture medium volume for uptake and translocation of nutrients and water and induced mineral deficiency (Hemantaranjan et al., 2000) . There are several reports indicating that this heavy metal increased the dry matter yield of various plants at lower levels (Jayakumar and Vijayarengan, 2006) . Contradictory results to our study were reported for broccoli (Brassica oleracea var. italica), where the addition of different cobalt levels to growth media significantly increased plant height as well as shoot and root fresh and dry weight of plants compared with the control (Gad and Abd El-Moez, 2011) .
In the CAB-6P rootstock, 40 µM AgNO 3 increased root number to its maximum, whereas 50 µM AgNO 3 gave the longest roots. Our results are in agreement with those reported for Decalepis hamiltonii plants, where the addition of 40 µM AgNO 3 resulted in root initiation and elongation (Bais et al., 2000a) , and for Oroxylum indicum (L.) Vent plants, where 1 mg L -1 AgNO 3 combined with 1 mg L -1 IBA resulted in a significant increase of root number and root length (Gokhale and Bansal, 2010) . Similarly, in Gentiana lutea plants, AgNO 3 (0.5-3 mg L -1 ) increased root length (Petrova et al., 2011) . It has been reported that AgNO 3 at the appropriate concentrations enhanced in vitro faba bean root number, root growth rate, and root length (Mutasim and Kazumi, 2000) . Different results were reported for the sweet potato cultivar Gaozi No.1, where AgNO 3 (2-10 mg L -1 ) negatively influenced root number per stem, while 12 mg L -1 resulted in an increase of root number and AgNO 3 at 2-12 mg L -1 decreased the rooting percentage (Gong et al., 2005) . When petioles were used as an explant source, no induction of multiple shoots occurred and root number as well as rooting percentage decline due to AgNO 3 application (Gong et al., 2005) . In the CAB-6P rootstock, 10 µM CoCl 2 increased root number to its maximum, whereas 20 µM gave the longest roots. The same trend was followed in the Gisela 6 rootstock for root number at 20 µM CoCl 2 . Similarly, in sesame (Sesamum indicum L.), CoCl 2 (0.1-5 mg L -1 ) significantly increased root number and root length (Abdellatef et al., 2010) . In maize (Zea mays L.), however, root length was increased at 50 mg kg -1 Co while at higher Co levels (100-200 mg kg -1 ) it was decreased .
Concerning biochemical parameters, in the CAB-6P rootstock the three ethylene inhibitors led to depleted levels of total leaf chlorophyll content. The same trend was followed in the Gisela 6 rootstock when chlorophyll concentration was expressed on a FW basis. Chlorophyll and carotenoid degradation is the routinely observed response to stress, chiefly in elevated concentrations of various heavy metals (Chen and Djuric, 2001) . The increase in the chlorophyll and carotenoid ratio under long incubation periods of metals signifies rapid degradation of chlorophyll pigment and significant decrease in carotenoid implies decrease in the protection action of carotenoid (Saxena and Saiful-Arfeen, 2006) . Afkar et al. (2010) found that the pigment contents of Chlorella vulgaris gradually increased when the algal cultures were subjected to a low concentration (10 -9 M) of some heavy metals such as Co +2 during exposure periods, whereas higher concentrations caused a clear reduction in the pigment content. Similarly to CAB-6P results, in Spirodela polyrhiza, AgNO 3 significantly decreased chlorophyll a content and the chlorophyll a/b ratio (Jiang et al., 2012) . When chlorophyll content was expressed on a DW basis, CoCl 2 resulted in elevated levels of total leaf chlorophyll in the Gisela 6 rootstock, and the different response was dependent on genotype and ethylene type inhibitor. Photosynthetic pigments such as chlorophyll a, chlorophyll b, and total chlorophyll and carotenoid content of Vigna radiata leaves were increased at lower Co concentration (50 mg kg -1 ), while at higher ones they were decreased (Abdul Jaleel et al., 2009 ). Co inhibits the activity of the enzymes involved in the synthesis of chlorophyll synthesis, such as 5-aminolevulinic acid and protoporphyrin (Shalygo et al., 1999) . Similar observations were also reported earlier in tomato (Gopal et al., 2003) and French beans (Chatterjee et al., 2006) under Co stress. The stress generated by Co also caused a marked reduction in net photosynthetic rate in all the tomato cultivars, which may be a direct outcome of reduced stomatal conductance and internal CO 2 concentration in addition to decreased photosynthetic pigment and activity of carbonic anhydrase. The reason for such a hypothesis is the study of Mysliva-Kurdziel et al. (2004) , who suggested that heavy metals affect the photosynthetic machinery at multiple levels such as pigment biosynthesis/degradation, stomatal functioning enzyme inhibition, and alteration in membrane structure/function and photosystem. In radish (Raphanus sativus L.), photosynthetic pigment content (chlorophyll a, chlorophyll b, and total chlorophyll) was increased at the 50 mg Co kg -1 soil level when compared to the control; however, further increases in the Co level (100-250 mg kg -1 soil) had a negative effect on these parameters (Jayakumar et al., 2007) . The mechanism of heavy metals on photosynthetic pigments may be due to the fact that heavy metals enter chloroplasts and may be overaccumulated locally, causing oxidative stress that will cause damage like peroxidation of chloroplast membranes (Clemens et al., 2002) . Heavy metal ions inhibit uptake and transportation of other metal elements such as Mn, Zn, and Fe by antagonistic effects and therefore the fronds lose the capacity of pigment synthesis (Cobbett, 2000) .
In the CAB-6P cherry rootstock, the three ethylene inhibitors led to depleted levels of leaf carbohydrates. The same trend was followed in the Gisela 6 rootstock for Ag 2 SO 4 . Total carbohydrate content of stressed Scenedesmus obliquus cultures was significantly increased when the algal cultures were subjected to lower doses (1.5 and 3 ppm) of CoCl 2 , whereas at higher CoCl 2 doses (4.5 ppm) it was substantially reduced (Fathi et al., 2005) . In this respect, Desouky (2004) found that the total carbohydrate content of Chlorella vulgaris cultures was significantly decreased when the algal cultures were subjected to various concentrations of CoCl 2 . In Chlorella vulgaris Beijer cultures, total carbohydrate content was significantly increased with lower CoCl 2 concentrations (2 and 4 ppm), while higher CoCl 2 concentrations (6 and 8 ppm) had a reducing effect (Desouky, 2011) . The metal stress limits the photosynthetic capacity of plants (Reichmann, 2002) , and this was consequently reflected in the carbohydrate content. Carbohydrate metabolism seems to be associated with stress responses in various plant systems. It is probable that the metals might have caused a decrease in the carbohydrate synthesis. In the Gisela 6 cherry rootstock, CoCl 2 irrespective of concentration and AgNO 3 at 20 µM resulted in a considerable increment of total leaf carbohydrate content. The different responses among the three ethylene inhibitors and between the two cherry rootstocks are genotype-and ethylene inhibitordependent.
In the CAB-6P cherry rootstock, the three ethylene inhibitors led to elevated levels of proline in leaves. The same trend was followed in the Gisela 6 rootstock for CoCl 2 . In strawberry plants cultured in vitro, proline accumulation in leaves was reported in the presence of AgNO 3 (Qin Y et al., 2005) . In tomato, proline content was increased with increasing CoCl 2 concentrations (Hasan et al., 2011) . In Scenedesmus obliquus cultures proline content was increased due to CoCl 2 application . Heavy metals are well known to generate a large quantity of reactive oxygen species in plants that may oxidize protein, lipids, and nucleic acid, resulting in abnormalities at the cell level (Sanita di Toppi et al., 1999) . Accumulation of free proline in response to heavy metal exposure seems to be widespread among plants. Particularly increase in proline accumulation in response to heavy metal exposure in the present study has been suggested to perform a dual role during stress development. In contrast, AgNO 3 and Ag 2 SO 4 resulted in a significant decrease of endogenous proline in the leaves of Gisela 6.
In conclusion, AgNO 3 , Ag 2 SO 4 , and CoCl 2 have direct effects on in vitro shoot proliferation and rooting of CAB-6P and Gisela 6 explants. Furthermore, it is clear that the three studied ethylene inhibitors are involved in the photosynthetic apparatus, influencing leaf chlorophyll content, and participate in leaf carbohydrate biosynthesis and metabolism as well as in leaf proline accumulation.
